INTRODUCTION
Excess free iron promotes the generation of reactive oxygen species (ROS) based on the Fenton reaction, which leads to oxidative stress. Hence, inappropriate regulation of iron metabolism and abnormal release of iron from ferritin will provoke oxidative cell damage. Ferritin is composed of 24 subunits, which form a cavity that can store up to 4,500 atoms of ferric ions (1). Mammalian ferritin complexes are heteropolymers composed of two types of subunits, termed H (heavy) and L (light), which are present in various ratios in different tissues. Subunits of type L contribute to the nucleation of the iron core but lack the ferroxidase activity necessary for uptake of ferrous (Fe 2+ ) iron. Subunits of type H possess ferroxidase activity and promote rapid uptake and oxidation of ferrous iron.
It has been reported that iron can be released from ferritin by various exogenous (2-5) and endogenous substances via reductive mechanisms (6, 7). If iron is released from ferritin, low molecular weight iron complexes may undergo redox reactions, resulting in cytotoxic damage to macromolecules (8, 9) . Oxidants, including H2O2, are considered mostly as damaging entities that mediate pathogenic processes. H2O2 has been implicated in ischemia and reperfusion within the brain (10), in cancer (11) and in neurodegenerative disease (12).
Carnosine, a naturally occurring dipeptide (β-alanyl-L-histidine), is found predominantly in long-lived tissues, including the brain, muscle and stomach, in high amounts (13). Carnosine has been demonstrated to play a number of biological roles as an anti-inflammatory agent, free radical scavenger and protein glycosylation inhibitor (14, 15). More recently, it has been suggested that carnosine and homocarnosine protect neuronal cells against glutamate-induced toxicity (16). In addition, carnosine has been demonstrated to protect PC12 cells from Aβ42-induced neurotoxicity via regulation of glutamate release (17) However, no information is yet available on the effect of carnosine and related compounds on ferritin-mediated DNA damage. In the current study, we examined the protective effects of carnosine and homocarnosine on ferritin/H2O2 system-mediated DNA damage.
RESULTS AND DISCUSSION
DNA strand breakage can be detected by a gel electrophoresis method involving supercoiled plasmid DNA. Strand breakage causes 'relaxation' or opening of circular and linear forms of DNA, which are observed as different bands on agarose gel. As shown in Fig. 1A , the plasmid DNA remained intact after incubation with either 10 μM ferritin or 1 mM H2O2, whereas DNA was cleaved by a mixture of ferritin and H2O2. This indicates that both ferritin and H2O2 were required to produce strand breaks in DNA. When DNA was incubated in a mixture of H2O2 and ferritin, a substantial increase in the proportion of nicked circular DNA (form II) and linear DNA (form III) occurred with concomitant loss of supercoiled DNA (form I) in a concentration of ferritin-dependent manner (Fig. 1B) . It has been shown that the reaction of ferritin with H2O2 generates free radicals that oxidize amino acid residues at or near the http://bmbreports.org cation-binding site, which results in introduction of carbonyl groups (18). In cultured cells, raising the level of iron in the culture medium leads to increases in the steady-state levels of oxidative DNA damage (19). Previous studies have suggested that iron ions are able to stimulate the Fenton-like reaction for production of hydroxyl radicals, which mediates DNA strand breakage (20). The present result suggests that free radicals might be involved in ferritin/H2O2-induced DNA strand breakage.
Many functions have previously been proposed for carnosine, including as an antioxidant and free radical scavenger, physiological buffer, neurotransmitter, radioprotectant, metal chelator and wound healing agent (21-24). In the present study, it was found that carnosine and homocarnosine significantly inhibited DNA strand breakage induced by the ferritin/H2O2 system (Fig. 2) . It has been reported that imidazole-containing peptides, such as carnosine and related compounds, may react with di-or mono-aldehydes, powerful cross-linking agents, which are released during the oxidative breakdown of unsaturated lipids (25). Our data suggest that the imidazolium group of carnosine inhibits the formation of the oxoferryl derivative. Attack of .OH on the 2-deoxyribose sugar produces a huge variety of different products, some of which are mutagenic in bacterial systems. Some of the fragmentation products, when can be detected by the addition of thiobarbituric acid (TBA) to the reaction mixture, result in formation of a pink (TBA)2-MDA chromogen (26). This can then be used to detect .OH production, although it is unclear whether or not some other ROS can also degrade deoxyribose. Our results show damage to deoxyribose induced by the ferritin and H2O2 system did occur (Fig. 3A) . Therefore, the released iron ions could have enhanced the Fenton-like reaction to produce .OH and play a critical role in DNA cleavage.
We next investigated whether or not carnosine and homocarnosine can inhibit the formation of hydroxyl radicals in the ferritin/H2O2 system. When ferritin was incubated with H2O2 in the presence of carnosine and homocarnosine at 37 o C, all compounds effectively inhibited the formation of hydroxyl radicals (Fig. 3B) . The results suggest that carnosine and homocarnosine may protect DNA against oxidative damage induced by the ferritin/H2O2 system through the scavenging of free radicals.
H2O2 produced in vivo is probably a direct product of O2 − .
